Recently, four new viruses belonging to an unassigned family within the order Picornavirales were identified in excrements of healthy carp (fisavirus) and pigs (posavirus 1, 2 and 3). We report the detection and characterization of a fifth virus present in human faeces. The virus, named human stool-associated RNA virus (husavirus), contains a single ORF encoding a putative 2993 AA polyprotein, with a Hel-Pro-Pol replication block, typical for the Picornavirales. Phylogenetic analysis revealed that the closest relative to husavirus is posavirus 1, and together they cluster with fisavirus, posavirus 2 and 3 and a roundworm (Ascaris suum) derived virus. Husavirus was detected in eight human stool samples collected in 1984 (n52), 1985 (n54), 1995 (n51) and 2014 (n51). From three strains of husavirus from 1984 and 1985 the full genome sequence was determined, showing less than 5 % intraspecies variation in the nucleotide composition. The host of this virus remains to be determined.
The order Picornavirales includes the families Disictroviridae, Iflaviridae, Marnaviridae, Secoviridae and Picornaviridae. Members of the order Picornavirales are known to infect a wide variety of hosts, including vertebrates, arthropods, algae, humans, insects and plants ( Le Gall et al., 2008) . Picornaviruses are associated with a broad range of human diseases ranging from mild upper respiratory infections (e.g. the common cold) to severe and lethal infections (e.g. polio and foot and mouth disease).
Members of the order Picornavirales are positive sense ssRNA viruses with a genome length between 7.2 and 9.8 kb. Typically, the virus consists of a single positive strand RNA molecule which encodes one polyprotein that is subsequently cleaved by proteases (Blom et al., 1996) , although several picornaviruses with segmented RNA genomes have been identified infecting plants ( Le Gall et al., 2008) . All members of the order Picornavirales contain a Hel-Pro-Pol (Helicase, Protease and RNA-dependent RNA polymerase; RdRp) replication block (Le Gall et al., 2008) . Recently, some highly divergent members of the order Picornavirales have been discovered: fish stool-associated RNA virus (fisavirus) in the intestinal content of a healthy carp (Reuter et al., 2015) and porcine stool-associated RNA viruses (posaviruses) in the faeces of healthy pigs (Shan et al., 2011; Hause et al., 2015) . These viruses cluster with a cDNA sequence found in Ascaris suum (Wang et al., 2011) , which most probably is the RdRp sequence of a virus infecting this parasite (Shan et al., 2011) .
To investigate if humans carry members of this highly divergent unassigned family within the order Picornavirales, a search was performed in 181 randomly chosen faecal samples of predominantly healthy human immunodeficiency virus (HIV)-1 positive (n585) and HIV-1 negative (n596) men having sex with men (Amsterdam Cohort studies on HIV-1 infection and AIDS; de Wolf et al., 1988) . Informed written consent was obtained from all participants of this study, and also from the participants of the studies mentioned below, and the studies were approved by the Medical Ethical Committee of the Academic Medical Center, Amsterdam. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000.
As the novel Picornavirales members show large variation, the ViSeq next generation virus discovery technique was used. This method allows identification of any virus regardless of its genome composition, with sequence reads obtained via Illumina MiSeq sequencing. Library preparation and sequencing was performed as described (Cotten et al., 2014) . In six samples, a novel virus species was identified that showed some identity to fisavirus and posaviruses, and we tentatively named the virus human stool-associated RNA virus (husavirus). In three samples (ACS160, ACS178 and ACS200) the number of sequence reads from the virus had enough depth and overlap to allow assembly of the full viral coding sequence using SPAdes (Bankevich et al., 2012) . The complete viral coding sequences of husavirus strains ACS160, ACS178 and ACS200 share 95 % to 97 % nucleotide identity and 98 % to 99 % amino acid identity, and have been deposited in GenBank (accession numbers KT215901-KT215903).
To confirm the presence of the virus and determine the virus concentration, a real-time reverse transcriptase (RT)-PCR was performed on the 181 stool samples. Reverse transcription was performed with MMLV-Reverse Transcriptase, as described by de Vries et al. (2011) . Real-time PCR was performed using the standard protocol for a Rotor-Gene Probe RT-PCR kit (Qiagen) with GCCACTTCAGAGCGAT-ACAA and AGAAGTTCCCAAACCCACAT as primers and 59FAM-AGGGCGTGCAAGTAGATCAGACACA-TAMRA39 as the probe. The presence of the virus was confirmed in all six samples and no additional patients shedding this virus were found. The virus concentration varies between 5.0610 6 copies to 1.8610 4 copies ml 21 of stool suspension (1 : 3 dilutions in broth; Oude Munnink et al., 2014).
The near complete genome of husavirus consists of 9335 nt and encodes one putative polyprotein of 2993 aa. In this polyprotein, five conserved domains could be identified by an NCBI combined with a Pfam conserved domain search (Fig. 1 ) (Marchler-Bauer et al., 2015; Finn et al., 2014) , which included a Hel-Pro-Pol replication block. The putative RdRp protein and capsid protein show some identity to the other stoolassociated RNA viruses, yet no more than 39 % amino acid identity (posavirus 1) for the RdRp protein and 34 % amino acid identity for the capsid protein (posavirus 1).
The predicted 3C protease within the Hel-Pro-Pol block can potentially cleave the husavirus polyprotein at nine locations (Blom et al., 1996) (Table 1) . Besides husavirus, fisavirus also contains a 3C protease-like domain ( Fig. 1 ) and 13 potential protease cleavage sites could be predicted (Table 1 ). In posaviruses, however, a protease domain could not be identified (Fig. 1) . reads, 86-94 % nucleotide identity to the 1984/1985 strains). Hence it can be concluded that husavirus has been present in human faeces for at least 30 years.
It could be that such stool-associated RNA viruses are not actually infecting the intestinal cells of the animal or human providing the stool sample. Instead, it could be that a nematode species in the gut is the actual host for this group of viruses, a hypothesis founded by the fact that an RdRp like cDNA sequence found in Ascaris suum clusters within the virus family (Shan et al., 2011) . Whether this is indeed the case, and more importantly whether this is true for husavirus, remains to be determined. (Chu et al., 2012) , as well as bacteriophages and viruses infecting protozoa (e.g. Cryptosporidium parvum virus; Oude Munnink et al., 2014). The presence or shedding of viruses from nematodes resident in the human gut has, to our knowledge, not been described thus far.
In conclusion, in this study, a novel RNA virus is described which is a member of a novel virus family within the order Picornavirales. The virus has been detected in human faecal samples collected over a 30 year period. Further studies to define the host and disease association are needed.
